Fisheries managers are increasingly required to develop regulatory frameworks to more effectively manage recreational catches in the marine environment. Although the limitations of conventional controls such as size and bag limits and restricted seasons are recognized, harvest tags that are commonly used to regulate hunting, are rarely applied in marine recreational fisheries. Following overfishing of snapper (Chrysophrys auratus) in Shark Bay, Western Australia, a broad range of management reforms were progressively introduced from 1998 onwards to limit recreational catches and assist stock recovery. Since 2003, these included a harvest tag system in Freycinet Estuary whereby a limited number of harvest tags were made available each year via a ballot. The effectiveness of harvest tags in terms of stock rebuilding and acceptance by recreational fishers was evaluated using: annual phone surveys of all harvest tag recipients between 2011 and 2013; analysis of compliance statistics collected between 2004 and 2015; and interviews with experienced compliance officers. The overall costs of administration and compliance were also assessed. The capacity of harvest tags to successfully constrain the total annual recreational catch contributed to the recovery of the snapper stock in Freycinet Estuary to management target levels within a 10-12 year timeframe. The majority of harvest tag recipients interviewed considered harvest tags were effective in the management of snapper; cost per tag was reasonable; and compliance in the fishery was high. High levels of compliance are essential if harvest tags are to provide a robust management tool to limit total catch and a useful reference frame for angler surveys. Harvest tags have considerable potential with other marine recreational fisheries where catch limits are required to rebuild and sustain valuable but vulnerable fish stocks.
Introduction
Fisheries managers are required to develop effective policy and regulatory frameworks for marine recreational fishing to achieve both sustainability and resource-sharing objectives (Sutinen and Johnston, 2003; Lynch et al., 2012; Arlinghaus et al., 2013; Crowe et al., 2013; Fenichel et al., 2013; Hunt et al., 2013; Lloret and Font, 2013) . Multi-sector governance can require setting explicit annual harvest levels and tailored management arrangements to limit catches, such as those for charter and private boat recreational fishing for red snapper (Lutjanus campechanus) in the Gulf of Mexico (Doerpinghaus et al., 2014) ; or sector allocations, such as those for Dungeness crab (Cancer magister) in British Columbia (MacKenzie and Cox, 2013) . Although it is now accepted that recreational fishing can have significant impacts on fish stocks and aquatic ecosystems (Coleman et al., 2004; Cooke and Cowx, 2006; Lewin et al., 2006) regulating total harvest in recreational fisheries remains challenging (MacKenzie and Cox, 2013) .
Many marine recreational fisheries, even those where licences apply, are effectively 'open access' with no constraint imposed on total catch or overall fishing effort (Cox et al., 2002 (Cox et al., , 2003 McPhee et al., 2002) . The effectiveness of traditional measures such as slot and bag limits and seasonal closures has been questioned (Coleman et al., 2004) and there is an increasing call for alternative management approaches that more effectively control fishing mortality, such as annual catch quotas with lotteries to distribute the quota among recreational fishers (Johnston et al., 2007 (Johnston et al., , 2009 Ihde et al., 2011) . Attempts to limit recreational effort through restrictive input controls can face sustained opposition, and are often initially rejected by stakeholders. In rare cases where output controls have been used, they are typically ineffective (e.g. red snapper in Gulf of Mexico) (Sutinen and Johnston, 2003) . Additionally, where resource sharing is of concern, fisheries agencies responsible for managing recreational fishing are facing increasing pressure from the commercial sector to effectively control recreational harvest (Doerpinghaus et al., 2014) .
The movement towards third party fishery accreditation for commercial fisheries, such as Marine Stewardship Council Certification, and associated development of harvest strategies, in some cases also requires effective control of the recreational harvest to complement measures in place to manage commercial catches (Coleman et al., 2004 , Ihde et al., 2011 . The responsibility to collect the fishery-related data for recreational fisheries usually rests with fisheries management agencies unlike commercial fisheries where provision of catch and effort data is a statutory requirement of participation in the fishery (MacKenzie and Cox, 2013) . The level of compliance is also an issue in many marine recreational fisheries where in most instances levels of noncompliance are not assessed. This is especially an issue in recreational fisheries in relatively remote areas. The effectiveness of management frameworks will be progressively eroded with increasing non-compliance, but likely levels of non-compliance may not be considered or accounted for within management frameworks. Examples of any estimation of non-compliance and its impact on fisheries are rare (Pitcher et al., 2002) .
Hunting, like fishing, is typically subject to restrictions to protect finite natural resources and meet acceptable social standards of behaviour. Although wildlife agencies in North America and Europe have a long history of successfully using harvest tags to manage hunting (Johnston et al., 2007) their use in recreational fisheries is rare. Where harvest tags are employed, the objective is typically to gather information on recreational catch and effort rather than as an output control to manage to hard catch limits (Johnston et al., 2007; Shideler et al., 2015) . In addition to managing catch, harvest tags are viewed favourably as a 'rights-based' mechanism and can be used for mandatory reporting of information that could be used in assessments as is typically required with commercial fisheries [e.g. red drum (Sciaenops ocellatus) in Texas] (Johnston et al., 2007) .
One rare example is in Shark Bay, Western Australia, where harvest tags have been used to limit the recreational catch of snapper (Chrysophrys auratus) in Freycinet Estuary since 2003 (Mitchell et al., 2008; Jackson and Moran, 2012) . When the case for the introduction of a new, output-based management model was made in 2002, with a trial of harvest tags supported at that time by a community-based working group, a commitment was made to evaluate the effectiveness of harvest tags in terms of capacity to constrain the total catch with proportions allocated between sectors, whilst ensuring social equity, community acceptance and cost effectiveness. In this study, phone interviews were conducted with all harvest tag recipients over 3 consecutive years (2011-13) to provide information required to determine the capacity of harvest tags to limit catch, acceptance by recreational fishers and levels of compliance. Minimal non-compliance is implicit for harvest tags to be effective, therefore, the phone surveys were corroborated with twelve years compliance statistics , and interviews with experienced compliance officers.
Aims and objectives
This study outlines the utility of harvest tags for snapper in Freycinet Estuary (Shark Bay, Western Australia) as a mechanism for limiting the total annual recreational catch to a predetermined quota that facilitates stock recovery. The aims were to assess whether harvest tags: (i) were effective in limiting the total allowable recreational catch, (ii) generate equitable share of available catch among fishers, (iii) met with fisher approval, (iv) were cost effective and administratively simple, and (v) might be improved in future applications.
Methods

Description of the fishery
Three separate stocks of snapper within Shark Bay, Western Australia (26 13 0 S, 113 15 0 E) ( Figure 1 ) have been the basis for an important recreational boat fishery since the 1960s (Shaw, 2000) . Shark Bay is a region of international conservation significance that was acknowledged with the creation of the Shark Bay World Heritage Property in 1991 (Shaw, 2000) . Productivity is naturally low due to the dry, hot climate, minimal river discharge, and limited water column nutrient levels (Molony et al., 2011; Kendrick et al., 2012) such that extractive resource usage needs to be conservatively managed. There is a limited local residential human population; however, many people travel long distances (from Perth and beyond) to Shark Bay each year for tourism and recreational fishing (Kendrick et al., 2012; Christensen and Jackson, 2014) .
The snapper resource inside Shark Bay is more vulnerable to over-exploitation because stocks spawn during winter when recreational fishing effort is highest and spawning aggregations occur in similar locations each year (Sumner et al., 2002; Jackson and Moran, 2012) . The population structure of snapper in this region is highly complex with discrete stocks in the Eastern Gulf, Denham Sound and Freycinet Estuary that have been managed separately since 2000 (Jackson, 2007; Jackson and Moran, 2012) . Following research that showed that overfishing had occurred in all three areas, stricter management regulations were progressively introduced from 1998 onwards including a 5-year moratorium in the Eastern Gulf (June 1998 -March 2003 , slot limits (50-70 cm), reduced daily bag and boat limits, and a 6-week spawning closure in Freycinet Estuary, that achieved varying degrees of success (Jackson et al., 2005; Jackson and Moran, 2012) . In 2003, a Total Allowable Catch (TAC) was set for each snapper stock for the first time (Jackson and Moran, 2012) . This article focuses on the snapper stock in Freycinet Estuary where harvest tags were recommended as the preferred alternative to allow the spawning stock to recover whilst maintaining recreational participation and local tourism without closing the fishery.
The 5 tonnes TAC was introduced in Freycinet Estuary with a novel (for Australia) harvest tag, similar to those used to control recreational catches of Atlantic cod (Gadus morhua) in Newfoundland, Canada (Jackson et al., 2005) , that limited the Assessing the effectiveness of harvest tags recreational catch according to the number of harvest tags made available each year via a lottery (ballot) (Jackson et al., 2005; Mitchell et al., 2008) . This low TAC represented 25% of historic recreational catches (Sumner et al., 2002; Marriott et al., 2012) to assist the spawning stock to rebuild within a realistic and acceptable 10-12-year timeframe. The TAC of 5 tonnes in Freycinet Estuary was determined to equate to 1200 individual fish per year based on average weight of 4.1 kg for snapper caught by recreational fishers. In recognition of the long-term catches by each sector, catch allocation was set at 75% for the recreational sector and 25% for the commercial sector, with 900 harvest tags allocated to recreational fishers and 300 set aside for a limited commercial sector, although the commercial allocation was not used in any year. To maintain the TAC, the number of tags issued increased to 1400 in 2006, based on the smaller average weight of 3.6 kg for snapper caught by recreational fishers in 2005.
Harvest tags were allocated via a lottery each year (before the season starts) where fishers were limited to only two harvest tags per person (Jackson et al., 2005; Mitchell et al., 2008) . Within Freycinet Estuary recreational fishers were only permitted to retain a snapper when in possession of a harvest tag. During fishing, once a snapper is landed and is to be retained, a harvest tag must be inserted through the mouth and secured using a tamper-proof barrel-style locking mechanism prior to landing (Supplementary Figure S1 ).
Phone survey of harvest tag recipients
Annual phone surveys of harvest tag recipients were conducted from 2011 to 2013 to assess the effectiveness of harvest tags to limit recreational catch and stakeholder perceptions. The survey questionnaire consisted of three sections with specific questions on (i) fishing for snapper in Freycinet Estuary in the previous 12 months; (ii) perceptions on the harvest tag system; and (iii) knowledge and perceptions of illegal fishing activity. Respondents were obtained from a sampling frame of fishers successful in obtaining harvest tags, therefore, results reflect perceptions of harvest tag recipients and are not representative of unsuccessful or non-applicants.
Fishing for snapper in Freycinet Estuary was assessed by the number of harvest tags used, months fished, access points (boat ramps) used, and interactions with Compliance Officers. There was potential for recall bias when respondents were asked to recall fishing from 12 months prior to interview (Pollock et al., 1994) . However, this was assumed to be low given the specific nature of the activity and the low number of retained fish from a maximum of two harvest tags.
Fisher perceptions on harvest tags were explored using the following six statements: harvest tags are an effective measure for limiting snapper catches, the number of tags issued per person about right, the system for allocating tags is fair, the timing of the lottery is good, the publicity of the lottery is good, the cost of tags is fair, and the snapper catch is shared between the right number of fishers. Responses were measured on a five-point Likert scale using the following labels: 'strongly agree' (1); 'mildly agree' (2); 'neutral' (3); 'mildly disagree' (4), and 'strongly disagree' (5).
Fisher perceptions of the problems caused by illegal fishing activity were explored in statements relating to fishing without a Recreational Boat Fishing Licence (required for boat-based fishing in Western Australia), fishing without harvest tags, exceeding harvest tag quota, under-size catch, and high grading (substituting smaller snapper with larger individuals before tagging). Responses were measured on a five-point Likert scale using the following labels: 'very important' (1), 'quite important' (2), 'not very important' (3), 'not at all important' (4), and 'unsure' (5).
All harvest tag recipients in administrative databases (gross sample of 470 each year) were contacted for the phone surveys. Sample loss (6%) was attributed primarily to disconnected telephone numbers, followed by where the respondent was not known at the number, the respondent was known but no new contact details were available, or the respondent was away for the survey period. A high proportion (86%) of harvest tag recipients (net sample of 440 each year) were fully responding (i.e. completed all required interview questions) ( Table 1 ). The majority of non-responding harvest tag recipients were from non-contacts (7%), despite at least 20 effective calls to each respondent, over a range of day times and days of the week, during the survey period. Non-response from refusals (1%) was low for all years, and could be attributed to the use of experienced interviewers and the strong correlation between relevance of the subject matter with response propensity (i.e. an 'interest' in fishing).
The effect of year on question responses was assessed with the Kruskal-Wallis test statistic (H) where the level of statistical significance was a ¼ 0.05. Post-hoc pairwise comparisons were made to compare years that were significantly different using the Mann-Whitney test with alpha values corrected for multiple pairwise comparisons with the Benjamini and Yekutieli method 
Compliance statistics
Official inspection and offence data recorded by Compliance Officers from the Department of Fisheries Western Australia were used to provide an indication of whether catch was retained without tags (i.e. beyond the TAC). Details of the data collection system are available in Green and McKinlay (2009) . It was assumed that the timing and coverage of compliance inspections were sufficient to give confidence that any detected offences were unbiased and representative of patterns of non-compliance across the whole fishery; and inspections themselves were conducted in such a way that there was a high probability of detecting an offence should one have taken place. For this study, a further assumption was that compliance contacts classified as 'recreational demersal' represented recreational fishers catching snapper. This was considered reasonable as snapper was the main species retained and released by recreational fishers in Freycinet Estuary from 1998-2010 (Wise et al., 2012) . The non-compliance rate was calculated from the number of offences divided by the number of contacts, expressed as a percentage after multiplying by 100.
Interviews with three senior Compliance Officers with extensive knowledge of the recreational fishery in Shark Bay were conducted to elicit views on levels of compliance and administration of harvest tags. These included the current Regional Manager and front-line Compliance Officers responsible for Freycinet Estuary (both current and from when harvest tags were first introduced). As the sample for these interviews was small, responses were only used to provide anecdotal information to support data from the phone surveys and compliance statistics.
Results
Administration of harvest tags
The administration of harvest tags changed between 2003 and 2015 (Supplementary Table S1 ). When first introduced in March 2003, 400 of the 900 harvest tags were made available at a cost of AU$10 each to recreational fishers applying in person at both Perth (Head Office) and Shark Bay (Regional Office). Fishers were limited to a maximum of two harvest tags per person per month to ensure harvest tags were allocated equitably. The remaining 500 harvest tags were distributed via a lottery system for June-July (the peak Shark Bay holiday period), with fishers required to lodge postal or internet applications.
The harvest tag system was streamlined in 2004 and 2005, with all 900 recreational harvest tags in each year distributed at the same time via a lottery system administered from Perth.
Applications for a maximum of two harvest tags could be made during January and February each year by post or internet. All successful applicants were notified in March, and given two weeks to pay and collect their harvest tags. Harvest tags that were unclaimed were then offered, via a second lottery, to unsuccessful first round applicants. In subsequent years, harvest tags were administered from various locations and the total number of harvest tags increased to 1400 from 2006 onwards (1050 to recreational, 350 to commercial).
Generally harvest tags were oversubscribed in every year. Fishers entering the lottery were placed in a database and a random number generator used to select successful applicants, who were then given two weeks to collect their harvest tags. Administrative costs (on average) were approximately AU$100 per harvest tag (Supplementary Table S2 ). (2011) (2012) (2013) The proportions of harvest tag recipients that fished for snapper in Freycinet Estuary during 2011-2013 ranged from 78-79% and was not statistically different among years [H (3,1266) Table 2 ]. The majority of active fishers used both harvest tags each year (64-68%), while 15-20% used only one harvest tag and 13-16% used neither harvest tag with tag use not statistically different among years [H (3,963) Table 2 ]. Reasons for not fishing (work/business, health, personal, family or social) were different to the reasons for not using both harvest tags (fishing quality, catch rates, size of catch or environmental) (Supplementary Figure S2) , with the latter indicating the main impediments to using harvest tags were poor catch rates, catching of fish above the maximum size limit, or unfavourable weather conditions.
Recreational fishing for snapper in Freycinet Estuary
The majority of fishers continued fishing when they had used their harvest tags (77-84%). The proportion of fishers that continued fishing was not statistically different by year [H (3,642) Table 2 ]; however, the type of targeting (snapper for release; other species or both snapper and other species) after using their allocated harvest tags was statistically different by year [H (4,518) ¼ 103.18, p < 0.001, Table 2 ]. Post-hoc test indicates in 2012 that fishing for both snapper to release and other species was highest (39%) and fishing for other species was lowest (60%).
The majority of fishers using harvest tags launched their boats from Nanga (36-42%), followed by Tamala (28-41%), and Carrarang (22-29%). Launches from these ramps accounted for 98% of harvest tag use. Ramps usage was not statistically different by year [H (3,1282) Table 2 ].
Fishing for snapper exhibited strong seasonality and was highest in April (18-27%) and July (25-36%). The months fished [H (3,1282) ¼12.51, p < 0.001, Table 2 ] were statistically different by year with activity peaking during July (2011 and 2012) or April (2012 and . The concentration of activity at this time corresponds with the Easter and mid-year school holiday periods and favourable subtropical weather during the austral autumn/ winter. Fishing activity outside of this period was low.
The proportion of fishers that applied for harvest tags the following year ranged from 68 to 82%, and was statistically different by year [H (3,959) ¼ 17.62, p < 0.001, Table 2 ]. The proportion of fishers that reapplied and received harvest tags was also statistically different among years [H (3,731) ¼ 85.12, p < 0.001, Table 2 ]. This proportion decreased from 96 and 91% in 2011 and 2012 to 
Fisher perceptions on harvest tags
The majority of fishers indicated they 'mildly' or 'strongly' agreed with the statements: harvest tags were effective for limiting snapper catches (87% overall), the system for allocating harvest tags was fair (83% overall), the timing of the lottery was good (88% overall), the cost for harvest tags was fair (82% overall) and harvest tags were shared fairly (74% overall) (Figure 2 ). Responses to the statement that the number of tags issued per person was about right elicited a more polarized response with 52% of respondents indicating agreement and 43% disagreeing (Figure 2) . A slightly larger proportion of fishers indicated they 'mildly' or 'strongly' agreed with the statement that the publicity for the lottery was good (51% overall), compared with those that 'mildly' or 'strongly' disagreed (34% overall) (Figure 2 ). The mean scores from individual questions relating to fisher perceptions on harvest tags were not significantly different among years, with the exception of allocation, timing and sharing, where attitudes became significantly less positive in later years.
The mean score for the statement that the system for allocating harvest tags was fair was significantly lower in 2011 (1.29 6 0.07 SE) compared with 2012 (1.75 6 0.09) and 2013 (1.81 6 0.09) [F (3,145) ¼ 17.73, p < 0.001, Table 3 ]. The mean score for the statement that the timing of the lottery was good was Table 3 ]. Open-ended comments at the end of each interview captured qualitative information. As comments were only provided by individuals motivated to do so, these comments are not considered representative of all fishers. However, comments generally support the formal results. The most common comment was that two harvest tags were not enough; with fishers suggesting three or four harvest tags would be more acceptable. The next most common comment was that harvest tags had 'run their course' and should be replaced with a daily bag limit, similar to other locations in Shark Bay. A review of the size limits was also suggested by some fishers. Many fishers also commented on administrative aspects of harvest tags, such as the inconvenience of the pick-up location, quality of the harvest tag issued, timing and publicity of the lottery, and need to allow transfers or refunds for unused harvest tags. Some fishers suggested there was a need to review and provide feedback on the effectiveness of harvest tags for this fishery. Although many fishers noted the stocks had recovered, and attributed this to the use of harvest tags, some fishers commented on the potential for biological impacts of harvest tags, e.g. postrelease mortality and target shift.
Fisher knowledge and perceptions on illegal fishing
The proportion of fishers that reported encountering Compliance Officers during the year whilst fishing (42-52%) was not statistically different by year [H (3,778) ¼ 5.22, p ¼ 0.07, Table 4 ].
The proportion of fishers that considered illegal fishing was not an issue for snapper fishing in Freycinet Estuary was lower in 2011 (84%) and 2012 (81%) compared with 2013 (93%) [H (3,480) ¼ 12.21, P < 0.001, Table 4 ], which was somewhat reflected in the increased non-compliance rate from compliance data in 2013 (Figure 4 ). The majority of fishers considered illegal activity was 'not very important' and 'not at all important' with respect to fishing without a Recreational Boat Fishing Licence (72% overall), retaining snapper without harvest tags (59%), exceeding harvest tag quota (64%), under-size catch (65%), and high grading (64%) (Figure 3) . Conversely, approximately a third of fishers considered illegal activity was 'very important' or 'quite important' with respect to licence uptake (28% overall), fishing without harvest tags (41%), exceeding harvest tag quota (36%), undersize catch (35%), and high grading (36%) (Figure 3) . The proportion of fishers that thought licence uptake, fishing without harvest tags, exceeding harvest tag quota, under-size catch and high grading were of concern was statistically different among years (Table 4) .
Compliance statistics
Annual contact rates varied from 2003 to 2013, and the calculated non-compliance rate remained low and within the historical ranges (Figure 4) . Although offence types were not identified, because of their low incidence, the majority of non-compliance in Figure 2 . Fisher perceptions on harvest tags as assessed from statements addressing harvest tag effectiveness, number of harvest tags, system for allocating harvest tags, timing of the lottery, publicity of the lottery, the cost of harvest tags, and catch share by year (2011) (2012) (2013) .
relation to snapper in Freycinet Estuary was from retention of under-size snapper, retaining snapper without harvest tags, or retaining snapper after all harvest tags have been used. This study provided a rare opportunity to compare noncompliance from two independent sources; official compliance statistics and a survey of harvest tag recipients. The noncompliance rate in this fishery was low, with 0.3-3.7% offences per contact (i.e. 0.3-3.7 offences per 100 contacts); and it follows that >96% of fishers were compliant with rules based on the inspections performed (Figure 4) . Based on the fisher survey responses, at least 40% of the total effort associated with harvest tag use during 2011-2013 was likely to have been subject to a compliance inspection. For example, in 2011, 128 harvest tag recipients indicated they had been inspected at least once, while Compliance Officers reported 862 contacts in Freycinet Estuary. Interviews with Compliance Officers indicated the majority of contacts were made on land patrols compared with vessel-based contacts. During 2011-2013, the proportions of vessel-based inspection were 6.8, 35.4, and 16.0% (17.1% overall), while harvest tag recipients reported 25.2% (overall) of inspections took place on the water (vessel-based). During 2011-2013, Compliance Officers patrolled Freycinet Estuary on average 59 times per year, with over 80% of compliance effort spread between March and October. Official statistics revealed only two offences for fishing outside the closed season, which occurred in 2011 when harvest tags recipients indicated the highest proportion of out of season fishing (2.4%). Only 1.3% (overall) of harvest tags recipients reported using their snapper tags during September or October, when the fishery was closed. There does not appear to be any evidence for non-compliance overall. There is no available compliance data for tag recipients retaining more snapper than the tags they had and non-tag recipients retaining snapper.
Discussion
Harvest tags can support hard recreational catch quotas to assist stock recovery Evaluation of fisheries management tools is important to support adaptive management, particularly when new approaches are trialed. Management agencies have typically been accused of not adequately evaluating the effectiveness of fishery regulations prior to implementing further management changes nor routinely asking for and assessing the views of stakeholders on fishery management policies more generally. An explicit commitment to evaluate the harvest tag system was made in 2002 when trialing harvest tags in Freycinet Estuary was first proposed. This study provides the results of an evaluation undertaken 9 years after the introduction of harvest tags to manage the snapper catch in Freycinet Estuary.
When assessing the effectiveness of harvest tags as a management tool for restricting the total recreational catch of snapper in Freycinet Estuary, consideration was given to how well they supported sustainability and stock recovery, as well as meeting compliance and administration requirements, and fisher acceptability. Phone surveys of harvest tag recipients over three consecutive years provided information to measure the effectiveness of harvest tags in terms of capacity to limit recreational catch, level of fisher acceptance and perceived levels of compliance. The phone surveys and compliance statistics supported a low incidence of non-compliance, suggesting harvest tags were an effective management tool for this small-scale, marine recreational fishery for an important fish species in a World Heritage area.
In Freycinet Estuary, harvest tags successfully constrained recreational catches of snapper within the agreed TAC, which contributed to the spawning stock recovery within a 10-12-year period. Although management of marine recreational fishing rarely involves the application of hard catch limits, there are some instances where sustainability concerns require catches to be constrained within a restricted total catch (Johnston et al., 2007) .
Annual boat ramp surveys were conducted in Shark Bay from 1998 to 2010 to provide estimates of recreational catch and effort (Wise et al., 2012) . Estimates of annual recreational catch of snapper in Freycinet Estuary from these surveys following the introduction of harvest tags were between 1-3 tonnes while the expected catch based on the number of harvest tags allocated to recreational fishers in each year was 4-5 tonnes. This apparent discrepancy between estimated and expected catches had been a critical discussion point raised by stakeholders at triennial working group meetings but can now be explained by the numbers of harvest tags not used in each year (i.e. 100% were never used in any year). Thus catch estimates from boat ramp surveys that seemed unexpectedly low at the time were likely to have reflected actual levels.
Approximately, 60% of harvest tags were not used during 2011-2013, which can be explained by factors such as changes in holiday plans, poor weather and lack of local fishing knowledge. Similarly, historical fishing patterns with paddlefish in South Dakota indicated that only around 50% of harvest tags were used in any year, with a greater number of harvest tags allocated in subsequent years (Johnston et al., 2007) . Harvest tags in Freycinet Estuary were non-transferable, however, permitting transferability or issuing more tags (assuming some will not be used), may have seen a greater proportion of the TAC being taken in any year.
The estimates derived from the boat ramp surveys also support the low observed non-compliance rates from the phone survey and compliance statistics, which suggests that additional mortalities from illegal fishing and catch and release fishing, were unlikely to have been significant in this fishery. Although anecdotal information from Compliance Officers suggests that some snapper were retained without harvest tags, it is unlikely that stock recovery would have been achieved within the predicted time frame if non-compliance was high.
Harvest tags for snapper in Freycinet Estuary
Although harvest tags for snapper in Freycinet Estuary were used in conjunction with size and bag limits and a 6-week spawning closure, harvest tags were the primary tool for ensuring that catch limits (TAC of 5 tonnes) and catch quotas (2 tags per person) were met. Responses by fishers and Compliance Officers to openended questions suggest that harvest tags in Freycinet Estuary were most effective in terms of compliance, administration and fisher acceptance with ongoing communication of clear objectives and clear frameworks that were not too complex.
Harvest tags offer a simple, unambiguous management tool that Compliance Officers can readily check in the field (i.e. no tag equals illegal catch). Harvest tags could only be deemed as effective if compliance determined that any take of snapper without harvest tags was negligible. Compliance Officers suggested noncompliance may have been higher than observed as they did not always have sufficient evidence to demonstrate an offence. However, a large proportion of fishing trips were subject to inspections giving confidence in the overall levels of noncompliance. Estimates of non-compliance of individual fishers from the phone surveys cannot be directly compared with those from compliance statistics because interviews often involved multiple fishers, e.g. fishing parties or camping groups. For these reasons, it is suggested that non-compliance potentially ranges from lower limits detected by compliance statistics to upper limits reported by harvest tag recipients (King and Sutinen, 2010) . The observed stock recovery suggests that any non-compliance cannot have been at a level that could significantly jeopardise attempts to limit the recreational catch of snapper in Freycinet Estuary.
The harvest tag database, along with fishery specific licences, provided a target group for communication and research that could be used to contact fishers and provide a census or sample depending on the number of licences selected. The introduction of harvest tags after many decades of open access and generous bag limits (e.g. eight fish per person per day from 1990 to 1997) was a substantial cultural change for many fishers. Their views were initially critical of harvest tags on a number of grounds. However, in this study, more than a decade after implementation, 87% of harvest tag recipients agreed that the tags were effective in the management of snapper in Freycinet Estuary. At a cost of $10 per tag, 82% agreed the cost of tags was reasonable. The majority of fishers considered illegal activity, such as fishing without a licence, fishing for snapper without harvest tags and high-grading, was minimal. Harvest tags were generally considered to be a good way to manage the snapper fishery in Freycinet Estuary.
Although there was a view among fishers and Compliance Officers that tags were effective for regulating hard catch limits, some fishers expressed the view that this management tool 'has run its course' and effective ongoing management could now be provided by traditional controls, such as bag and possession limits.
Lessons learned and application to other recreational fisheries
This study has clearly demonstrated that harvest tags were effective in constraining the recreational catch within an agreed TAC in this particular fishery. Harvest tags have potential application elsewhere with a number of factors that need to be considered. Lessons learned in Shark Bay suggest that implementation of harvest tags requires consideration of tag type, public access, method of allocation, overall cost, numbers of tags involved, potential for transferability of unused tags between individuals and options for mandatory reporting.
Harvest tags have resulted in changes in fisher behaviour in Shark Bay. Generally, local residents did not participate in the tag lottery, rather choosing to fish elsewhere in Shark Bay where the regulations were not as restrictive as suggested in interviews with the Compliance Officers. The database of harvest tag recipients was dominated by non-locals (i.e. seasonal visiting recreational fishers). Freycinet Estuary has restricted access points that enables strategic placement of information signage that increases awareness of local fishery regulations, which potentially increases compliance. In contrast, more geographically extensive fisheries with large numbers of fishers may require higher levels of compliance activity. The scale of any fishery is an important consideration when determining the number of harvest tags that may be required and the associated costs for administration and compliance with approx. 250 000 harvest tags suggested as an upper limit elsewhere (Johnston et al., 2007) .
Catch limits and individual catch quotas may be increasingly required in areas of high conservation value (e.g. Shark Bay, Ningaloo and the Great Barrier Reef Marine Park in Australia, and the Florida Everglades in United States). In these instances bag limits and size limits are not seen as adequate to deliver genuine catch restrictions (World Wildlife Fund, 2015) and recreational fishing activity needs to seek 'social licence to operate' (i.e. being responsible and appropriately managed) (MacKenzie and Cox, 2013) .
Harvest tags do not typically provide estimates of recreational catch, which would require monitoring the number of tags actually used, non-compliance rates and estimates of post-release mortality. Estimates of recreational catch are generally based on probability-based sample surveys (Pollock et al., 1994; NRC, 2006) ; however, this can create issues of mistrust between sectors as commercial fishers often see unfairness in the higher level of reporting expected of them. More comparable forms of reporting for recreational fisheries (similar to that from the commercial sector) could be achieved by adopting harvest tags, such as those widely used for managing hunting of wildlife species (Johnston et al., 2007) .
In the case of desirable species and those where tags are very limited (as in Shark Bay) there is potential for high grading, which could result in unaccounted mortality if not specifically estimated in subsequent surveys as part of a tag system. In this study, harvest tag holders were likely to continue to fish for snapper (and other species), rather than totally switching to other species, which suggests potential for significant additional snapper catch (retained or otherwise). Although from a compliance viewpoint, high-grading is extremely difficult to detect (if not impossible), high-grading of snapper in Freycinet Estuary was not considered to be a major concern to Compliance Officers and harvest tag recipients.
Integral to the success of harvest tags is the assumption that any fish released, including those caught after harvest tags have been exhausted, will survive. The impact of additional mortalities from fish releases can be exacerbated by quota management and conventional controls (such as bag and size limits). An average release rate of 66% was observed for snapper in Freycinet Estuary (Wise et al., 2012) . Post-release mortality for snapper increases with depth of capture (Lenanton et al., 2009 ). Freycinet Estuary is shallow (mostly <12-14 m), so depth related concerns with barotrauma were not considered to be a high risk, compared with deeper waters (>20-30 m), and thus post release survival for snapper was assumed to be high.
Harvest tags provide opportunity for recreational fishers to demonstrate stewardship to reinforce rights-based management. In Freycinet Estuary fishers were willing to pay AU$10 for a harvest tag. Preparedness to pay relatively high tag costs has been demonstrated in other recreational fisheries, such as US$30 for Atlantic goliath grouper (Epinephelus itajara) and US$50 for Atlantic tarpon (Megalops atlanticus) in the United States (Johnston et al., 2007; Shideler et al., 2015) . Harvest tags also increase awareness of resource scarcity and increase satisfaction with fishing experience (Johnston et al., 2007) . Recreational fishers using tags can enter discussions regarding entitlement of shared resources and developing stewardship and social licence to operate without being accountable through appropriate management and reporting tools (MacKenzie and Cowx, 2013) . Property rights in relation to recreational fishing are increasingly being discussed in many western countries and harvest tags provide a mechanism to deliver a 'rights-based' approach (MacKenzie and Cowx, 2013) .
Conclusions
Harvest tags for snapper in Freycinet Estuary were effective for sustainability and stock recovery by limiting total catch (TAC of 5 tonnes) and individual catch quotas (two tags per person) with high fisher acceptance, high compliance and minimal administrative burden. Harvest tags for snapper in Freycinet Estuary were effective because the value of snapper was high compared with cost to fishers in purchasing harvest tags (relative to administrative costs). Although the costs of managing, compliance and monitoring of many recreational fisheries can be high but typically unknown, this information was available for the snapper fishery in Freycinet Estuary.
As human populations continue to increase, and through increased leisure time, participation in recreational fishing will likely continue to increase. Conversely the proportion of wild marine fish stocks available to fishers will essentially remain the same, or decrease if more closed areas are implemented. In these scenarios popular, iconic species/fisheries will come under increased pressure and the need for continued monitoring and more restrictive management will increase. Harvests tags offer an effective management option for constraining recreational catches. The costs, complexities and acceptance of harvest tags need to be considered if tags are to be applied to similar fisheries in other locations.
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